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SUi\BIARY AND CONCLUSIONS 
1. This study was made to test the accuracy with which a 
group of selected townships represents a county through a 
period of years. Eighteen different methods of selecting these 
townships were proposed and tested for selected Iowa counties. 
In regard to those items investigated, it was concluded that 
none of these methods was outstandingly accurate. 
2. Usually two kinds of township selections were tried with 
each "method" tested-which may be regarded as (a) pur-
posive and (b) stratified random. 'When compared, it was 
concluded that purposive selection does not provide samples 
of greater accuracy than stratified random selection. It must 
be remembered, however, that these tests of accuracy were 
based on a group of items IUld other special conditions; there-
fore, these statements are limited to similar situations. 
3. Relatively large samples were required to give suitable 
accuracy for county estimates. If no greater than 5% errors 
are tolerable, then it appears that samples taken in the man-
ner considered herein must be greater than half the county 
population, for those items being investigated ... 
4. Similarly, but more briefly. the township was tested as 
a sampling unit for a crop-reporting district (District 5, 12 
counties). It was concluded that in general the same conclu-
sions were applicable as in the case of sampling a county. A 
relatively smaller sample was adequate for the larger popula· 
tion, which is what one would expect under the eircUlllstances. 
5. Matched individual farms (farms kept in a sample dur-
ing repeated enumerations) which did not change size or 
surname of owner diJ not provide estimates which were notice-
ably more accurate than random individual farms selected 
anew each enumeration (year). 
6. Stratification efficiencies of the section, township, so:[ 
group and tenure were tested. 'With the two counties investi-
gated it was found that geographic stratification was most 
effective and that the section was the most efficient. Stratifica-
tion by four proposed soil groupings did not prove to be as 
efficient as either township or section. Tenure was the least 
efficient of the stratification procedures tested. 
Some Investigations on the Suitability 
of the Township as a Unit for 
Sampling Iowa Agriculture! 
By NORlI[AN V. STRAND' AND RAYl\WND J. JESSEN" 
The purpose of this study was to determine a sampling 
procedure by which agricultural information may be efficiently 
obtained for areas smaller than the state, particularly the 
county. This study, therefore, is one of a series (2) (4) direct-
ed toward the problems of methodology of an agriculturai 
sample-census. The objectives (8) of such a sample-census 
are: To obtain useful information (a) more frequently (an-
nually instead of quinquennially, as at present), (b) of greater 
extent (include items not covered by the regular census) and 
(c) at greater economy. Consequently the sample-census i'! 
proposed at least in part to supplement the regular census in 
providing the information needed in the analysis and under-
standing of special agricultural problems arising in the field 
of policy and programs, such as farm tenancy, soil conserva-
tion, etc. This study, however, is limited to an investigation 
of merely a few of the many problems of sample-census pro-
cedure. Here we are interested primarily in the following-
questions: 
1. Is it possible to find a township or group of townships 
within a county which will satisfactorily represent that county 
for a period of years Y 
2. For a given degree of accuracy, how large must a sample 
he for (a) a county, (b) a crop-reporting district (a group of 
about 10 counties) 1 
3. Are th/~re any satisfactory criteria hy which a county 
may be stratified and thereby increase sampling efficiency ~ 
This study provides, we believe, some aid in answering these 
and allied questions. 
1 Project 611, Iowa Agricultural I~xperiment Station. U.S. Agricultural 
Marketing Service, cooperating. Assistance In the preparation of these ma-
terials was furnished by the personnel of the 'Vork Projects Administration, 
tlfflcial project numbers 465-72-3-118 and 665-72-3-90. The authors are in-
debted to Professor George 'V. Snedecor and Dr. T. 'V. Schultz, of Iowa 
State College, and to Dr. C. F. Sarle, formerly of the U.S. Agricultural 
l\Jarketing Service and at present assistant to the chief of U.S. 'Veather 
Bureau, for the organization and direetion of this study. 
-. Formerly Research Assistant, Iowa State Planning Board and Super-
visor, 'Vork Projects Administration, at present Lieutenant, U.S. Army. 
o Research Associate, Statistical Laboratory, Iowa Agricultural Experi-
ment Station and agent, Agricultural Marketing Set",'ice (now BAE). 
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THE DATA 
Data for this study were obtained from the records of the 
Iowa township assessors supplemented with data collected in 
the field. Each year the township assessors in Iowa collect 
information on acreages and production of crops, etc., and 
list it on their records by farms. The purpose of the field 
work was to locate the farmsteads of these farms and identify 
them through the 3 years on the assessor records. . 
The items investigated in this study were the following: 
1. Farm acres 6. Corn production 
2. Oat acres 7. Oat production 
3. Corn acres 8. Number of sows bred 
4. Hay acres for spring farrow 
5. Pasture acres 
It is dear that this group is quite limited, but it includes 
some key items which a sampling procedure must accurately 
measure if it is to be acceptable. The time period covered in 
this study includes the years 1927-1935. A part of the study 
deals with the period 1934-1937. The geographic areas chosen 
for study were the following counties: Poweshiek, Pocahontas, 
Jasper, Dallas, Appanoose, Hamilton, Delaware and Audubon 
-and the central crop-reporting district. These are shown 
in fig. 1. 
PROCEDURE 
'l'he methods used in this study were essent.ially empirica1. 
Since data were a vail able on the populations of inquiry (coun-
ty or crop-reporting district) it was possible to draw variou~ 
ldncls of samples and compare them with the popUlation figure~ 
for accuracy. In the investigation of stratification efficiency, 
however, analyses of variance were used to evaluate results. 
The usual procedure, therefore, was to set up a sampling pro-
cedure which looked as if it should give good results, draw 
a sample using' that pJ'ocedure, compute the sample estimates 
and check the results. 
SAMPIJE EXPANSION 
The procedure by which estimates of county (or crop-
reporting district) totals are made from samples has come 
to be known as "sample expansion." To give the problem 
an element of practicability it was assumed that for only one 
year of the period under investigation (9 years) was complete 
information available to the sampler. The year 1930 was 
chosen as this base year. Estimates were made backward 
for 3 years and forward for 5 years. This made it possible 
to use only one base year and yet keep the period of estima-
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I<'ig. 1. Counties and crop-reporting district chosen for study. 
tion within 5 years (in keeping with the quinquennial agricul-
tural census data). 
. It was found that a sample which represented 50 percent 
of the county in farm acres in 1930 did not often represent 
50 percent of the other seven items either for 1930 or any 
other year. However, it was apparent that the items seemed 
to hold their"'Telative positions rather well from year to year. 
For example, a sample having 50 percent of the farm Hcres 
and 45 percent of the corn acres in a given year would tend 
to hold these percentages in other years. 
For those samples drawn to represent the county over a 
period of years, this was the basis of their expansion: If a 
sample has 45 percent of the county's corn acres in 1930, then 
the reciprocal of 45 perccnt or 2.22 is the multiplier by which 
corn acreage is estimated for the remaining years in the period. 
The same is true for the other seven items. 
THE INDIVIDUAL FARM AS A SAMPLING UNIT 
FOR THE COUNTY 
The procedure here was simple. The farms as they appear 
on the assessor's books are in no definite order-they were 
written into the books in the order the assessor visited them, 
and this order varied considerably from one year to the next. 
Hence, if a 5 percent random sample is desircd, every twen-
tieth farm appearing on the books is reasonably acceptable. 
In order to simplify the labor of selection, twenty groups 
were formed as follows: All farms which were numbered 1, 
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21, 41, 61, etc., in the assessor's book constituted one group-
roughly 5 perccnt of the total number of farms. Farms num-
bered 2, 22, ete., constituted group two, etc. Adding cor· 
responding groups by townships, i.e., the groups containing' 
the same farm numbers, 20-5 percent samples were obtained 
for the county. It is to be noted that owing to this procedure 
each sample was stratified by townships. The various sizc 
samples were obtained, in multiples of five, by the selection 
at random of varying numbers of 5 pereent samples. 
Since the order of the names appearing on the assessor'~ 
books varies from year to year, the farms comprising the 
sample in anyone year are different from those in any other 
year. Hence, with but one random selection of numbers for 
the 9-year period tested, the nine resultant samples are ap-
proximately independent selections. 
In table 1 the results of this sampling procedure are shown 
for Poweshiek and Pocahontas counties. 'With 1930 used as 
a base year (i.e., the year in which the proportionate size or 
the sample is ealculated to be expanded for the years 1927-
1935), the estimations were compared with the true values a~ 
given by the assessor's records. Estimating eight items for 
eight years gives a total of 64 estimates. The failure of an 
estimate to come within 5 percent of the actual is regarded 
as an error. Hence, any estimate greater than 105 percenL 
or less than 95 percent of the actual is defined as an errol' for 
t he purposes of this study. 
It can be seen that when counties are sampled in this man-
ner, samples as large as 35% of the county will not be free 
of errors as large as 5% of the true values. It will be con-
venient to use data in table 1 as a basis for comparing the 
aceUl'aey of subsequent sampling schemes, although it mURt 
be borne in miud that the largest sample here is 35% whereas 
in subsequent samplings 50% iR the usual size. 
'l'HE MINOR CIVIL DIVISION (TOWNSHIP) AS A 
SAMpr~ING UNIT FOR THE COUNTY 
In all, eighteen different methods were tested in this study. 
The attempt throughout was to find a criterion, or a set of 
criteria, (henceforth referred to in this writing as "method ") 
on the basis of which a representative sample can be chosen. 
Usually both purposive and stratified random selections of 
townships were made with each of these methods in order to 
test the comparative aceuracies of the various samples so 
chosen. In this way comparisons of the" representative method 
of sampling" can be made between these two. types (6) aR 
well as between various criteria set up to employ the method' 
itself. 
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METHOD I 
It was believed that there are some townships which change 
as the county changes regarding crop acreages. Should this be 
true, then it is obvious that these townships would be an excel-
lent sample of the county. To test this theory the following 
steps were taken: 
The acreage items-farm, corn, oats, hay and pasture-were 
selected. For example, suppose the change in total farm acres 
in a township (1931 as compared with 1930) is a 2 percent in-
crease. For the county the change for the similar period is, 
we shall say, 1 percent. The deviation of change, township as 
compared with the county, is, therefore, 2-1 or 1 percent. In 
the same manner deviations were calculated for corn, oats, 
hay and pasture acres and for each township. To these were 
added corresponding deviations for 1929-1930, 1931-1932, etc., 
including the total period, 1927-1935. Summing by townships 
the deviations of the items for these nine years, a ranking was 
made. Hank 1 denotes the township having the smallest devia-
tion total, rank 2 the next smallest, etc. It can be noted that 
by this procedure each item and each year carried equal weight 
in the determination of a township's rank, and direction of 
deviation (whether plus or minus) was ignored in summing. 
This suggests, then, that more work can be done in investigat-
ing these possible variants. 
TABLE 1. THE INDIVIDUAL FARM AS A SAMPLING UNIT FOR THE COUNTY. 
Number of errors in samples of various size 
(Powesbiek and Pocahontas counties) 
Number of errors in 64 estimates 
Kind and size of sample 
Poweshiek County Pocahontas County 
SR BTRATIFIED RANDOM: 
Stratified by townships 
1.1 0 20% 9 11 
1.2 20% 16 11 
1.3 25% 3 -
1.4 25% 8 -
1.5 25% 9 10 
1.6 25% 8 10 
1.7 30% 4 9 
1.8 30% 6 6 
1.9 35% 3 5 
1.10 35% 10 2 
1.11 35% 5 19 
o Sample number. 
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After the townships are ranked, the sample may be chosen 
any number of ways. By choosing the first eight ranks a 
purposive selection is made which includes the eight townships 
changing most like the county with respect to those acreage 
items used. In this study the sample was selected in that man-
ner. Results are shown in summary in table 2, pages 624, 
625. Here they are for Method I. 
P Purposive 
1. Selection: First eight ranks. 
Sample 1.1 Poweshiek County 8 of 16 townships 50%, 6 
errors· 
Pocahontas County 8 of 16 townships 50%, 8 
errors· 
METHOD II 
Soils are known to be important in influencing agricultural 
practices. Consequently it appeared logical that a sample whicll 
included soil types in the same proportion as the universe should 
be quite representative. To test this the following procedure 
was undertaken: 
The Soils Department of Iowa State College has determined 
acreages of No.1, 2, 3, 4 and 5 soils by townships for nearly 
every county in the state. Tabling these acreages by township 
and for the county, the percentages of acreages of each of the 
five soil classes were calculated. The differences in percentage 
between the townships and the county, obtained by subtraction, 
were summed. This is to say, if township A having 60 per-
cent of its area of soil No.1 and 20 percent soil No.2 is in a 
county having 50 percent of soil No. 1 and 25 percent of soil 
No.2, the differences in percentage, 10 and 5, make a difference 
total of 15 for these two soil classes. This when carried out 
for all five soils and for all townships provided a basis for 
ranking. The lowest rank, that is the rank having the smallest 
difference total, was considered the township most like the 
county with respect to soil types and, consequently, most repre-
sentative. (Again it must be noted that the indexing procedure 
just outlined weights each soil equally. This is an admittell 
weakness in the procedure.) 
Two methods of sample selection were tried. In the first, 
which was purely purposive, the lowest 8 or 9 ranks were ehosen, 
depending on the number of townships in the county, in order 
to get an approximate 50 percent sample. In the second method 
two townships were seleeted at random from the four groups 
'An error is an estimate which is less than 95 percent or greater than 
105 percent of the true. Estimates were made on eight items for eight years, 
during the period 1927-1935, in which 1930 was chosen as the base year. 
Hence, total possible errors can be 64. 
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into which the ranks were arranged. In this way townships 
were chosen which were not only most like the county as regards 
soil types but also the most unlike. Sample selection and re-
sults are as follows: 
P Purposive 
1. Selection: Lowest eight or nine ranks. 
Sample 1.1 Poweshiek County 8 of 16 townships 50%, 6 
errors 
Pocahontas County 8 of 16 townships 50%, 9 
errors 
Jasper County5 9 of 19 townships 47%, 1 
error 
SR Stratified Random 
1. Selection: Two selected at random from each of the four 
strata. 
Sample 1.1 Pocahontas County 8 of 16 townships 50%, 3 
errors. 
METHOD III 
In this method the soils were given quality ratings. Assigning 
soil group No. 1 the quality value of 1.00, then in percentage 
of No.1 the remaining groups, Nos. 2, 3, 4 and 5, were assigned 
the values .80, .60, .40 and .10, respectively. With these factors, 
the amount of adjusted No. 1 soil was calculated for each town-
ship. These figures were divided by the total number of acres 
in the township, which resulted in an index of adjusted No.1 
soil acres per land acre. The townships were ranked accord-
ing to this index. 
Two methods of sample selection were followed in this as 
in the previous method. The first, purely purposive, was the 
selection of (a) the odd (b) the even or (c) the first foul.' 
and last four (extreme) ranks. Hence, distribution of the 
sample through the soil quality groups was rigidly enforced. 
The second method relaxes this restriction somewhat. Four 
groups or strata were found from the ranking and from each 
group two townships were selected at random. By this means, 
distribution was enforced by stratification, yet randomization 
was permitted within the strata. 
P Purposive 
1. Sclection: All odd-numbered ranks. (1, 3, 5-15) 
Sample 1.1 Poweshiek County 8 of 16 townships 50%, 7 
errors 
Pocahontas County 8 of 16 townships 50%, 2 
errors 
• Estimates for Jasper County were for six years only. Hence. these errors 
must be compared to a total possible of 48. 
Method 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
TABLE 2. SUMMARY OF RESULTS USING THE M.C.D. AS A SAMPLING UNIT FOR THE COUNTY. 
NUMBER OF ERI\ORS EXCEEDING 5% IN 64 ESTIMATES. 
Type of .ample PoweBhiek Pocahontas Hamilton Ja.per Dallas 
selection and Size County County County County County 
sample number total total total total total 
twp •. , 16 twps., 16 twps.,16 twps., 19 twp •. ,16 
P 1.1 8 of 16 twps. 50% 6 8 
P 1.1 8 of 16 twps. a50% 6 9 Ib 
SR 1.1 8 of 16 twps. 50% 3 
P 1.1 and P 2.1 8 of 16 twps. a50% 7 2 6 3b 4 
P 3.1 8 of 16 twps. 50% 18 6 9 
SR 1.1 8 of 16 twps. 50% 12 7 
SR 1.1 8 of 16 twps. 50% 6 4 
P 1.1 8 of 16 twps. 50% 7 
SR 1.1 8 of 16 twps. 50% 5 
P 1.1 8 of 16 twps. 50% 0 
P 1.2 6 of 16 twps 38% 1 
P 1.1 8 of 16 twps. 50% 4b 
P 1.1 8 of 16 twps. 50% lOb 
P 1.1 8 of 16 twps. .10% 9b 
P 1.1 7 of 16 twps. 40% 5 
P 1.1 8 of 16 twps. 50% 2 11 
P 1.2 8 of 16 twps. 50% 5 
P 1.3 5 of 16 tWpB. 31% 7 
--- --
Appanooee 
County 
total 
twps.,17 
a" 
t-.:l 
>1'0 
TABLE 2. SUMMARY OF RESULTS USING THE M.C.D. AS A SAMPLING UNIT FOR THE COUNTY.-Continued 
NUMBER OF ERROllS EXCEEDING 5% IN 64 ESTIMATES. 
-----_ .. _-
-- -------- -- --- ------ ---- ---
Type of sample Poweshiek PocahontaB 
Method selection and Size County County 
sample number total total 
tWpB., 16 twpB.,16 
XII P 1.1 and P 2.1 8 of 16 twpB. 50% !l 8 
P 3.1 8 of 16 twpa. 50% 9 
P4.1 8 of 16 twpB. 50% 2 4 
P 5.1 8 of 16 twpa. 50% 7 
P 6.1 8 of 16 twpa. 50% 11 
P 7.1 8 of 16 twpa. 50% 6 
sa 1.1 4 of 16 twps. a25% 19 
SR 1.2 8 of 17 twps. a47% 
SR 2.1 7 of 16 twps. 44% 16 
XIII SR 1.1 8 of 16 twpB. 50% 9 3 
XIV P 1.1 8 of 16 twps. 50% 7 
sa 1.1 8 of 16 twpa. 50% 1 
XV SR 1.1 6 of 16 twps. 38% 3 
XVI P 1.1 8 of 16 twps. 50~ 2 sa 1.1 8 of 16 tWpB. 50 0 10 
XVII P 1.1 8 of 16 twpB. 50% 9 
SR 1.1 8 of 16 twpB. 50% 9 
XVIII sa 1.1 8 of 16 tWpB. 50% 7 
aSee text for the number of townships included in samples for Jasper and Appanoosc counties. 
bE.timates for 6 years only. Hence, total possible errors, 48. 
----
Hamilton 
County 
total 
twp •. , 16 
-
Jasper Dalla. 
County County 
total total 
tWPB., 19 twps., 16 
gb 
Ob 
-
Appanoo .. 
County 
total 
twp •. ,17 
14 
-
m. 
~ 
Con 
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2. Selection: All even-numbered ranks. (2, 4, 6-16) 
Sampe 2.1 Hamilton County 8 of 16 townships 50%, 6 
errors 
Dallas County 8 of 16 townships 50%, .J: 
errors 
Jasper County 9 of 19 townships 47%, 3 
errors6 
3. Selection: First four and last four ranks (1-4 and 13-16) 
Sample 3.1 Hamilton County 8 of 16 townships 50%, 6 
errors 
Dallas County 8 of 16 townships 50%, 9 
errors 
SR Stratified Random 
1. Two townships selected at random from each of four 
strata. 
Sample 1.1 Poweshiek County 8 of 16 townships 50%, 12 
errors 
Pocahontas County 8 of 16 townships 50%, 7 
errors 
METHOD IV 
Like soil type the kind of tenure seemed a logical basis for 
stratification. Certainly renters as a group farm in a manner 
different from the owner group. If this is true then a sampling 
procedure should recognize it. 
The percentage of tenant operated farm land was calculated 
for each township for the period 1927-1935. Following the 
usual procedure the townships were ranked from low to high 
and stratified. Two townships were selected at random from 
eaeh of the four strata. No purposive selections were made. 
SR Stratified Random 
1. Selection: Two townships selected at random from each 
of four strata. 
Sample 1.1 Poweshiek County 8 of 16 townships 50%, 6 
errors 
Pocahontas County 8 of 16 townships 50%, 4 
errors 
METHOD V 
Corn yield is another important factor to consider when an 
attempt is made to discover or recognize those factors which 
affect cropping practices. The test in this case proceeded as 
follows: 
For the period 1923-1932 the average corn yield by townships 
was found. Rankcd on this basis the townships were then 
stratified into four strata. Two townships were selected at 
• Estimations for six years only. 
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random from each stratum. In addition, a purposive sample 
was selected-in this case the even ranks were chosen. 
P Purposive 
1. Selection: All even-numbered ranks (2, 4, 6-16) 
Sample 1.1 Poweshiek County 8 of 16 townships 50%, 7 
errors 
SR Stratified Random 
1. Selection: Two townships selected at random from each 
of four strata. 
Sample 1.1 Pocahontas County 8 of 16 townships 50%, 5 
errors 
METHOD VI 
The items considered in this method were corn acres, corn 
production, oat acres, oat production, hay acres, pasture acres 
and number of sows. For each township and county the acres 
of corn, oats, hay and pasture per farm acre and corn pro-
duction, oat production and number of sows per acre were 
computed for eaeh of the seven years, 1927-1933. Then the 
change in earh of these item ratios from the year preceding 
was calculated and ratio relatives were eompared with those for 
the county. The resulting deviations were then summed for 
all items for the six years. An example may perhaps clarify 
this somewhat involved procedure. In 1927 township A's pro-
portion of hay acres to farm acres was 5.06 pereent; in 1928, 
5.13 percent. For the county the corresponding values ar(~ 
3.68 percent and 3.67 percent, respectively. The proportion 
relative, 1928 to 1927, is 101.38 percent; for the county, 99.73 
percent. The deviation is 1.65 percent (in terms of the original 
percentages). In a similar manner the deviations for 1928-1929, 
the other years and the other items were ealculated. The town-
ships were ranked on the basis of the totaled deviations. Two 
samples were selected, one of whieh ineluded the lowest six 
ranks, the other including the lowest eight ranks. 
By lowest rank is meant that township which for the timr 
period considered changed from year to year most like the 
county as regards the relation of items to farm acres. The 
good results achieved by this method should merit further in-
vestigation. Unfortunately, only one county has been tested 
so far. 
P Purposive 
1. Selection: First six 01' eight ranks. 
Sample 1.1 Pocahontas County 8 of 16 townships 50%, 0 
errors 
1.2 Pocahontas County 6 of 16 townships 38%, .l 
error 
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METHOD VII 
This method is similar to Method I except that change was 
calculated on a link-relative basis. (In this respect it is the sam~ 
as Method IX.) For the same time period, 1927-1933, and the 
same items-farm, corn, oat, hay and pasture acreages--
changes were calculated as follows: In township A, total corn 
acres in 1928 are found to be 110 percent of the 1927 figure; in 
1929 they are found to be 100 percent of the 1928 figure. For 
the county, however, the corresponding figures are found to 
be 105 percent and 105 percent, respectively. Since the dif-
ferences are 5 percent in both these cases, the sum of the 
differences for the 2 years would be 10 percent. Similarly, for 
the remaining years and items a total difference index is built 
up for each township. When ranked, the township having the 
lowest rank has, for the period covered, changed from year to 
year most like the county (equal weighting for each item and 
for each year). A purposively selected sample was obtained by 
choosing the first eight ranks. 
P Purposive 
1. Selection: First eight ranks. 
Sample 1.1 Poweshiek County 8 of ]6 townships 50%, 4 
errors' 
METHOD VIII 
This method is precisely the same as the succeeding one 
(Method IX) except the differences, in this case were squared. 
As before, the sample was purely purposive-that is, the first 
eight ranks. Estimations al'e for 6 years only. 
P Purposive 
1. Selection: First eight ranks. 
Sample 1.1 Poweshiek County 8 of 16 townships 50%, 10 
erl'ors' 
METHOD IX 
This is precisely the same as Method VI except that the item 
number of sows was not included. 
P Purposive 
1. Selection: First eight ranks. 
Sample 1.1 PO'weshiek County 8 of 16 townships 50%, 9 
errors' 
METHOD X 
This method was designed to provide a sample in which the 
7 Estimations for 6 years only (1927-1933). Total possIble errors, 48. 
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distribution of farm sizes would be similar to that of the county. 
The 1930 frequeney distributions of farm sizes were tabulated 
for each township and the county. The number of farms in 
each class-interval was cxpressed as a percentage of the total 
number of farms. The seven townships having the distribution 
of these percentages most similar to the county's were chosen 
for the sample. In order to increase the similarity, 10 large 
farms were selected at random from the remaining township:; 
to add to the 7-township sample. 
P Purposive 
1. Selection: Seven most similar townships to which were 
added 10 large farms selected at random from 
the other townships. 
Sample 1.1 Poweshiek County 7 of 16 townships 46%, 5 
errors 
METHOD XI 
Choosing average farm size as the basis of stratification, four 
groups of four townships each were formed except where a dif-
ferent number of groups gave better grouping. This was ac-
complished by first determining the average farm size for each 
township for the period 1927-1935, then ranking these town-
ships from lowest to highest average farm size, and finally 
dividing the ranking, or average, into rank-blocks of four, su('~ 
that ranks 1-4, 5-8, etc., constitute groups, or strata. Next, tht} 
most representative townships from each of these groups were 
desired for the sample. These were found by a procedure iden-
tical with that in Method I except that the change was con-
sidered for the 3-year period (1929/1930, 1931/1930,1932/1930) 
only. The two lowest ranking townships in each group-those 
which changed most like their grottp as regards farm, corn, oat 
and hay acreage changes during the period 1927-1935-were 
selected for the sample. The five township sample constituted 
the first rank from each of five groups; the 8 township sample, 
the first and second rank from each of four groups; the 9 town-
ship sample, the first and second rank from each of four groups, 
the first rank from the fifth. 
P Purposive 
1. Selection: First 5 to 9 ranks. 
Sample 1.1 Pocahontas County 8 of 16 townships 50%, 11 
errors 
Poweshiek County 8 of 16 townships 50%, 2 
errors 
Sam pIc 1.2 Pocahontas County 8 of 16 townships 50%, 5 
errors 
1.3 Poweshiek County 5 of 16 townships 31%, 7 
errors 
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METHOD XII 
This method was designed to find the townships where the 
averages of farm, corn, oat, hay and pasture acreages are most 
similar to those of the county. Average farm, corn, oat, hay 
and pasture acreages per farm were found for each township 
and for the county. Differences were calculated and added 
for all items in anyone year. For example, in township A, 
the average number of acres per farm was found to be 156.0; 
the county's average farm size that year was 181.4. The dif 
ference is 25.4 acres. Similarly, for corn acres the average for 
township A was found to be 65.4 or 12.6 acres less than thn 
county's. Continuing this for the remaining items and for 
the remaining townships, the total differences from the eounty 
were obtained for each township for the year 1930. The town-
ships were then ranked according to their differenee totals. 
Proceeding to the remaining years in the period considered, 
(1927-1935), nine ranks were obtained. These ranks were com-
bined into a final ranking as follows: Suppose township A has 
a ranking of I, 1 and 5 for a 3-year period; corresponding to 
these B has the ranking 2, 2 and 2. Adding, A has a total of 7, 
B a total of 6. In the final grouping B ranks number 1, A 
number 2. 
Actually, many different items were used to determine these 
ranks. This procedure, together with several types of sample 
selection, brings about a variety of results. They follow under 
the general heads: Purposive and Stratified Handom. 
P Purposive 
1. Items used: Farm, corn, oat, hay and pasture acreages. 
Selection: First eight ranks. 
Sample 1.1 Pocahontas County 8 of 16 townships 50%, 8 
errors 
2. Items used: Corn, oat, hay and pasture acreages. 
Selection: First eight ranks. 
Sample 2.1 Poweshiek County 8 of 16 townships 50%, 9 
errors 
3. Items used: Farm, corn, oat, hay and pasture acreages, 
corn and oat production and number of SOWi!. 
Selection: First eight ranks. 
Sample 3.1 Poweshiek County 8 of 16 townships 50%, 9 
errors 
4. Items used: Farm, corn, oat, hay and pasture acreages, 
corn and oat production and number of sows. 
Selection: Ranking stratified, middle two selected from 
each group as follows: 1 2 3 4/5 6 7 8/9 10 11 
12/13 14 15 16 
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Sample 4.1 Poweshiek County 8 of 16 townships 50%, 2 
errors 
Pocahontas County 8 of 16 townships 50%, 4 
errors 
5. Items used: Farm, corn, oat, hay and pasture acreages. 
Selection: Ranking stratified, middle two selected from 
each group as follows: 1 2 3 4/5 6 7 8/9 10 11 
12/13 14 15 16 
Sample 5.1 Pochatontas County 8 of 16 townships 50%, 7 
errors 
6. Items used: Corn, oat, hay and pasture acreages. 
Selection: Same as 4 and 5. 
Sample 6.1 Pocahontas County 8 of 16 townships 50%, 11 
errors 
7. Items used: 9-year farm acres ranked alone. 
Selection: First eight ranks (1-8). 
Sample 7.1 Pocahontas County 8 of 16 townships 50%, 6 
errors 
SR Stratified Random 
1. Items used: Corn, oat, hay and pasture acreages. 
Selection: Ranking stratified, townships selected at random 
from each of the four or five strata. 
Sample 1.1 Poweshiek County 4 of 16 townships 25%, 19 
errors 
Jasper County 5 of 19 townships 26%, 9 
errors8 
Sample 1.2 Appanoose County 8 of 17 townships 47%, 14 
errors 
Jasper County 9 of 19 townships 47%, 0 
errors8 
2. Items used: Farm, corn, oats, hay and pasture acreages, 
corn and oats production and number of sows. 
Selection: Ranking stratified, townships selected at random 
from strata. 
Sample 2.1 Pocahontas County 7 of 16 townships 44% 16 
errors 
METHOD XIII 
In this method an attempt was made to use adjusted No. 1 
soils and tenure as controls. The first ranking was obtained 
from Method III, page 623, the latter from Method IV, page 626. 
The following illustration shows how cross-classification was 
done. 
• Estimations (0.' Jasper County are for 6 years onl)". Hence, total pos-
sible errors are 48, not 64. 
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Percentage of tenant operated land 
Percentage 
of adjusted 
No.1 soil 
to total 
land area. 
Low 
High 
I n 
III IV 
Only the four groups were used. Selection was at random 
from each group. 
SR Stratified Random 
Sample 1.1 Poweshiek County 8 of 16 townships 50%, 9 
errors 
Pocahontas County 8 of 16 townships 50%, 3 
errors 
METHOD XIV 
Similar to the preceding method, a cross-classification of town-
ships was made on the two criteria, soil types and similarity of 
township averages in acreage and production items to those 
of the county_ Hence, this method combines the controls em-
ployed in Methods II, page 622, and XII, page 630. A purposive 
selection waS- made by including only those in the sample which 
were located nearest a diagonal line drawn through the table 
as shown in the following diagram . 
. % Differences soil type from county 
% Differ- ~ 
ences all .s 
items from 
county 
Low High 
Another sample was chosen at random from these four major 
groups. 
P Purposive 
1. Selection of those townships falling nearest the diagonal. 
Sample 1.1 Poweshiek County 8 of 16 townships 50%, 7 
errors 
SR Stratified Random 
1. Selection: Two townships at random from each of foUl' 
groups. 
Sample 1.1 Pocahontas County 8 of 16 townships 50%, 1 
error 
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METHOD XV 
Farm size and tenure were cross-classified in this method. 
Percentage of tenant-operated land was found in Method IV, 
page 626. Cross-classification resulted in two 5-township groups 
and two 3-township groups. The stratified-random sample was 
chosen as follows: Two townships from each 5-township group, 
one from each 3-township group. 
SR Stratified Random 
Sample 1.1 Pocahontas County 6 of 16 townships 38%, 3 
errors 
METHOD XVI 
Calculating the average pasture acreage per total land area 
for each township over the 9-year period, 1927-1935, an index 
was obtained upon which the townships could be ranked. Two 
samples were selected. 
P Purposive 
1. In this ranking thc year 1934, being extremely abnormal 
because of drouth, was deleted as an experiment. 
Selection: All odd ranks. 
Sample 1.1 Poweshiek County 8 of 16 townships 50%, 3 
errors 
SR Stratified Random 
1. In this ranking all years are included. 
Selection: Ranking stratified, two townships selected at 
random from each of four strata. 
Sample 1.1 Pocahontas County 8 of 16 townships 50%, 10 
errors 
METHOD XVII 
Similar to Method XVI, townships were ranked according to 
average percentage of soil-depleting crops planted over the 
period 1927-1935. Two sample selections were made. 
P Purposive 
1. Even ranks selected for sample 
Sample 1.1 Poweshiek County 8 of 16 townships 50%, 9 
errors 
SR Stratified Random 
1. Same ranks as P.1 but stratified. Two townships were 
selected at random from each. 
Sample 1.1 Poweshiek County 8 of 16 townships 50%, 9 
errors 
It is to be noted that this method should give approximately 
the same results as Method XVI, since pasture acreage and soil-
depleting crops are inversely related and, therefore, the ranks 
are almost exactly reversed. The P 1.1 samples are. not com· 
parable, however, since 1934 was omitted in the calculations of 
ranks for XVI P.1. 
634 
METHOD XVIII 
Townships were ranked by 9-year average farm size. This 
array was divided into four groups, from each of which two 
townships were picked. 
SR Stratified Handom 
Sample 1.1 Poweshiek County 8 of 16 townships 50%, 7 
errors 
A summary of the results of these methods is given in table 
2. Interpretation of the results is not easy because (a) no 50% 
samples of random individual farms are available for direct 
comparison (however the smaller samples can be extrapolated 
for this purpose) and (b) the number of samples taken of each 
method is too small to formulate very rigid conclusions. We can 
say, however, that the average purposive method investigated 
is not clearly superior to the random individual farm. Some. 
however-such as methods VI P, XII P, XIV SR, XV SR and 
XVI P-sccm to merit further investigation. Otherwise it 
appears that the townships selected either at random (with 
stratification) or purposely are not more efficient than the 
individual farm selected at random. 
An investigation of errors for Pocahontas and Poweshiek 
counties is summarized in table 3. It can be seen that it was 
unusually difficult to sample Pocahontas County in 1927 and 
likewise Poweshick in 1934. Moreover, it was more difficult to 
sample corn acres, and consequently, corn production in Poca-
hontas County, while it was less difficult to sample oat produc· 
tion. Hay acres and number of sows bred were the two most 
difficult items in both counties. In no case did the error in 
measuring farm acres exceed 5 percent. 
The results of each sampling were graphed to test for possible 
trends. Some examples of these graphs are shown in fig. 2. All 
inspection of these graphs leads to the conclusion that although 
in many cases there seems to be a tendency for the item to 
"drift" from the base year, it is not particularly important 
since the prevailing characteristic appears to be random. This 
conclusion is supported by data in table 3 wherein the number 
of errors, although slightly more as the pcriod from 1930 l~ 
increased, is quite erratic from year to year. 
THE 'l'OWNSHIP AS A SAMPLING UNIT FOR A 
CROP-REPORTING DISTRICT 
To invcstigate this problem the Central Crop-Reporting Dis-
trict (No.5) was chosen. It comprises 12 counties, a total ot 
208 townships. Proceeding along similar paths outlined else-
where in this rcport, both purposive and stratified-random 
sample selections were tested and compared. 
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Fig. 2. Deviations of estimations based on sample from true county totals 
plotted by years. Base year: 1930. 
A. Pocahontas County Method XV SR 1.1 
13. Poweshlek County Method XI P 1.3 
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TABLE 3. DISTRIBUTION OF ERRORS BY YEARS AND BY ITEMS. 
Poweshiek and Pocahontas counties. 
By year 1927 1928 1929 1931 1932 1933 1934 1935 
(%) (%) (%) (%) (%) (%) (%) (%) 
------------------
Poweshiek 7 .5 8 8 8 11 39 14 
Pocahontas 23 14 9 10 9 12 12 11 
Farm Corn Corn Oats Oats Hay Pasture Sows 
By item scres acres prod'n acres prod'n acres acres bred 
(%) (%) (%) (%) (%) (%) (%) (%) 
- ---------------------
Poweshiek 0 0 5 12 22 26 9 26 
Pocahontas 0 8 14 8 7 30 11 22 
In the first case the townships or each county were ranked 
according to the procedure outlined as Method XII, page 630. 
That is to say, townships were ranked according to their similar-
ity to the county in regard to the averages or certain selected 
items. (See footnote to table 4 for those items included in these 
rankings.) Purposively selected samples were composed of first 
ranks of each county. Sample P 3 includes the two samples 
P 1 and P 2. If a sample township appeared in both samples, 
that township holding the second rank was taken from the P ~ 
ranking. Sample P 5 included the first three-those townships 
ranked with all production and acreage items. (See Method 
XII P 3, page 630.) 
In the second case townships in each county were ranked 
according to the proportion of adjusted No.1 soil they possessed. 
(See Method III, page 623 and 626 for details.) A purposively 
selected sample was obtained by choosing the best, the median 
and the poorest townships from each county according to this 
index. 
In the last case the sample was composed of townships chosen 
at random from each of the twelve counties. Sample SR I 
contains three townships from each county, SR 2 contains two. 
They are independent selections, i.e., the larger sample does not 
contain the smaller one. 
In table 4 it can be seen that the number of errors is about 
what one would expect from an increase in sample size. Three 
townships from each county means that 36 townships were 
required for the 17 percent sample. This is something over foUl' 
times the usual 8-township sample used in the county study. 
Since the sample was stratified by county, the population vari-
ance 101' computing sampling variance is the variance within 
county, which for convenience we can assume to be roughly the 
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same for all 12 counties in the crop-reporting district. Hence, 
population variance for both county' and crop-reporting district 
are the same. Increasing sample size by four should halve the 
sampling error. The errors for the 17 percent samples are 
lower than expected (about 4) while the errors for the 6 per-
cent samples are larger than expected (about 7). Hence, con-
sidering the small number of cases the average of the expecta-
tions was satisfactorily met. 
THE l\IATCHED FARM AS A SAMPLING UNIT 
FOR THE COUNTY 
Long used by the Division of Crop and Livestock Estimates, 
now the Division of Agricultural Statistics, this type of sample 
has met with considerable favor, especially for certain types of 
estimations. 
From the assessor's records in Poweshiek County, cards were 
prepared for those farms which changed neither in acreage nOlO 
ownership for the 9-year period, 1927-1935. These farms were 
designated as "striet-identicals." A large variation in the num-
ber of "strict-identicals" in each township was found-in Sheri-
dan, for instance, only 12 percent were "strict-identicals." 
Hence, when stratifying by townships the largest sample of this 
type of farm was limited to 12 percent. 
In order to obtain a larger sample it was believed permissiblf.l 
to include farms which had the same acreage and were listed 
under the same surname for the 9-year period. In addition, 
TABLE 4. SUMMARY OF RESULTS USING THE TOWNSHIP AS A SAMPLING. 
UNIT FOR THE CENTRAL CROP-REPORTING DISTRICT. 
(12 COUNTIES, 208 TWP8.) 
Eight items estimated for eight (8) years-total possible errore, 64. 1930, base year. 
Kind and size of sample No. of errors 
P PURPOSIVE 
Sample 1 1 twp. from each county" 6% 8 
Sample 2 1 twp. from each county b 6% 13 
Sample 3 2 t",p. from each county' 12~% 3 
Sample 4 3 t",p. from each county d 17% 1 
Sample 5 3 twp. from each county' 17% 1 
SR STRATIFIED RANDOM 
Sample 1 3 twp. from each county 17% 3 
Sample 2 2 twp. from each county 11% 6 
" Sample composed of those townships which ranked first aecording to acreage items only. 
b Same as (") except ranking included production items, 80WS and farm size . 
• Townships in purposive samples 1 and 2. 
d Three townships In each county were .elected-the best, the mediaD, and the poorest 
according to an adjusted No.1 soils inde" . 
• Those townships in each county were selected which ranked 1, 2, and 3 in nearness to 
county average in all acreage, and productive iteme, and farm size. 
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TABLE 5. SUMMARY OF RESULTS USING MATCHED FARMS AS A SAMPLING 
UNIT FOR THE COUNTY. 
(1927-1935) 
Eight items estimated for eight years-total possible errors 64. Base year, 1930. 
(Poweshiek County) 
Kind and size of sample No. of errors 
Sample 1 a (A-1's only: stratified by twp. only) 
2 (A-l's and A-2's, mixed; pure random selection) 
3 (A-I'. and A-2'., mixed; stratified by F.S.b 
and by twp.) 
4 (A-I's and A-2's, mixed; stratified by F.S. only) 
5 (A-l's and A-2'., mixed; stratified by twp. only) 
6 (A-I'. and selected A-2'.; stratified by F.S. only) 
7 (A-l's and selected A-2's; stratified by F.S. and 
by twp.) 
8 (A-l's and selected A-2's; stratified by F.S. and 
by twp.) 
9 (A-I'. and A-2'. mixed; stratified by twp. only) 
12% 22 
25% 15 
25% 10 
25% 7 
25% 7 
25% 11 
25% 
'" 
20% 7 
20% 14 
a A-I farms: those having same!"ll name and same acreage throughout the I}-year period, 
1927-1935. 
A-2 farms: those having same Burname only and same acreage throughout the I}-year 
b period, 1927-1935. More detail in text. F.S.: an abbreviation for farm size. 
those farms whieh held the same address and acreage were 
included. With these additional units the larger samples werl~ 
built up of "strict-identicals" complemented by those not so 
strict. In the table, the "strict-identical" farm is referred to 
as A-I; those failing to come under this classification are called 
A-2 farms. When it is said that A-I and A-2 cards are" mixed," 
it is meant that all thc cards of both denominations are com-
bined, the sample being seleeted from the aggregate. This is to 
be contrasted with the expression" A-I 's and selected A-2's," 
which means that all the A-I cards are used to which were 
added those A-2 cards which according to the selector's judg-
ment came nearest to being A-l's. 
The table summarizing the results may be eompared with 
those of random individual farms (table 1 on page 621). Accord-
ing to these data, the matched-farm is certainly not superior. 
Additional investigation is desirable before conclusions can be 
drawn with confidence. 
SAMPLING EFFICIENCIES OF DIFFERENT 
STRA TIFICATIONS OF COUNTIES 
Audubon and Delaware counties were chosen for this study 
because of tneir suspected difference in soil quality variabili· 
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TABLE 6. ANALYSIS OF VARIANCE OF FARM ACRES IN DELAWARE COUNTY. 
Source of variance Degrees of freedom Sum of squares Mean square 
Total 3759 28,921,527 7,6!l4 
Farms 939 27,542,967 29,332 
Sections 265 19,572,004 73,857 
Townships 14 3,024,648 216,046 
Soil groups 3 278,887 92,962 
Years 3 1,458 486 
Tenures 2 181,120 90,.';60 
tics. The period selected was 1934-1937 inclusive. The stratifi-
cations included (a) tenure of operator, (b) township, (c) sec-
tion and (d) quality of soil. 
Similar to Method III (page 623) sections in the counties were 
measured for soils of different types (planimetered from soils 
maps) and an index computed for each section based on the 
areas of these soil types and their quality ratings. The section& 
of the county were then ranked from high to low according to 
this index and divided into four groups of approximately equal 
numbers. 'rhese groups, the soil quality strata, were number-
ed from 1 to 4 where 1 denoted the highest and 4 the lowest 
quality group. All farms having their farmsteads located on 
a given section were regarded as having that section's soil 
quality rating regardless of where the land of those farms 
was actually located. (This was necessary because the bound-
aries of farms were not known and this appeared to be a suit-
able approximatIon.) 
Three tenure groups have been differentiated: (a) owners, 
(b) renters (including those who both own and rent) and (c) 
mixed, a group including those that appear to have changed 
tenure during the 4-year period under investigation. 
To measure the effectiveness of each of the four types or' 
stratification-the section, township, soil group and tenure-we 
shall use the mean square of farms within the respective strat.a. 
This mean square will be an average over the four years. As 
an example, the mean square of farms within sections is obtained 
from an analysis of variance as follows: 
Soul'('e df. Sum of squares 
Farms 939 27,542,967 
Sections 265 19,572,004 
Mean square 
29,332 
73,857 
Farms within sections 674 7,970,963 11,826 
Relative sampling efficiency of farms stratified by section as 
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compared with farms unstratified is given by the ratio of the 
two mean squares, thus 
29,332 
Relative efficiency X 100 = 248% 
11,826 
This figure can be regard~d as meaning that 100 farms strati-
fied by section arc equivalent to 248 farms taken at random 
within the county without stratification. In table 6 is shown 
a partial summary for an analysis of varianc¢ of farm acres 
in Delaware County. (See appendix for mor~ complete sum-
maries.) 
IJikewise for townships, 
Source 
li'arms 
Townships 
df. 
939 
14 
Sum of squares 
27,542,967 
3,024,648 
Mean square 
29,332 
216,046 
l,'arms within townships 925 24,518,319 26,506 
29,332 
Relative efficiency = --- X 100' = 111% 
26,506 
which is considerably smaller than that of sections. 
Similarly we obtain for 
Soil groups, 100.7% 
Tenure, 100.4% 
Summarized, we have as relative efficiencies of the four strati-
fications for the item, farm acres: 
Sections 
Townships 
Soil groups 
Tenure 
248 % 
111 % 
100.7% 
100.4% 
TABI~E 7. SUMMARY OF RELATIVE EFFICIENCY OF SECTION, TOWNSHIP, 
SOIL TYPE AND TENURE STRATIFICATIONS FOR SELECTED ITEMS 
IN AUDUBON AND DEJ,A WARE COUNTIES. 
Sections Townships Soil groups Tenure 
Item ------------------------
Audu- Dela- Audu- Dela- Audu- Dela- Audu- Dela-
bon ware bon ware bon ware bon ware 
---------------------
Farm acres 262 248 118 111 101 101 102 100 
Corn acres 238 270 126 113 103 105 107 101 
No. sows bred 176 285 107 134 100 105 100 100 
Corn production 252 - 141 - 110 - 106 -
Hay acres 256 - 110 - 101 101, -
Pasture acres 369 - 110. - 100 - 100 -
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It is readily apparent that stratification by either soil group 
or tenure is practically useless for this item in Delaware Coun-
ty. Even the 11 percent gain from township stratification is 
almost negligible. 
Carrying through similar computations for other items and 
for Delaware County we have the summary presented in table 7. 
It can be seen in table 7 that although soils in Delaware Coun-
ty are a greater source of variation, yet it appears that a strati-
fication based on them is not as efficient as one based merely 
on townships. 
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APPENDIX 
SU1\f)\{ARY OF FARM ITEMS FOR FARMS CLASSIFIED 
BY SOIL QUALITY AND TENURE 
This investigation was based on data obtained from samples 
of farms in Delaware and Audubon counties over the period 
1934-1937 inclusive. In tables A-I to A-9 are presented sum-· 
maries of the data used in estimating the relative sampling 
efficiencies presented in table 7. They may be of interest to 
those wishing to know what characteristics are associated with 
the farms classified according to tenure and soil quality. (Sec 
page 638 for description of procedure.) 
TABLE A-I. ANALYSIS OF VARIANCE AND SUMMARY OF FARM MEANS BY 
SOIL GROUP AND TENURE-CLASSIFICATION BY YEARS. 
COUNTY: DELAWARE 
ITEM: FARM ACRES 
ANALYSIS OF VARIANCE 
Source of variance D.F. Sum of squares Mean square 
Total 3759 28,921,527 7,694 
Farm8 939 27,542,967 29,332 
Sections 265 19,572,004 73,857 
Townships 14 3,024,648 216,046 
Soil groups 3 278,887 92,962 
Years 3 1,458 486 
Tenures 2 181,120 90,560 
FARM MEANS BY BOIL GlI.OUP8. YEAhS AND TENURES 
Owners Tenants Mixed All tenures 
Year Soil group -------------
No. Mean No. Mean No. Mean No. Mean 
-----
-------------
I 66 154.6 78 154.3 77 153.1 221 154.0 
II 77 173.0 90 164.5 74 189.6 241 174.9 
1934 III 60 140.3 91 158.0 81 161.6 232 154.7 
IV 62 131.3 96 182.7 88 145.3 246 156.4 
All soils 265 151.3 355 165.5 320 161.5 940 160.2 
I 66 149.0 78 154.0 77 150.0 221 151.1 
II 77 172.4 90 169.0 74 184.8 241 174.9 
1931\ III 60 139.1 91 158.6 81 156.9 232 153.0 
IV 62 132.4 96 182.1 88 145.2 246 156.4 
All soils 265 149.7 355 166.6 320 158.4 940 159.0 
I 66 151.4 78 153.5 77 164.3 221 156.6 
II 77 168.7 90 173.0 74 187.3 241 175.9 
1936 III 60 138.0 91 157.2 81 165.2 232 155.1 
IV 62 132.5 96 181.0 88 142.3 246 15t.9 
All soils 265 149.6 355 166.8 320 163.7 940 160.7 
I 66 152.2 78 155.2 77 160.2 221 156.0 
II 77 165.3 90 171.5 74 182.6 241 172.9 
1937 III 60 139.5 91 157.5 81 163.6 232 155.0 
IV 62 132.2 96 184.6 88 143.4 246 156.6 
All soils 265 148.4 355 167.9 320 161.6 . 940 160.2 
I 66 151.8 78 153.8 77 156.9 221 154.4 
4-year II 77 169.8 90 169.5 74 186.0 241 174.7 
Average III 60 139.2 91 157.8 81 161.8 232 154.4 
IV 62 132.1 96 182.6 88 144.0 246 156.1 
All soils 265 149.6 355 166.7 320 161.3 940 160.0 
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TABLE A-2. COUNTY: DELAWARE 
ITEM: CORN ACRES. 
ANALYSIS OF VAlIIANCE 
Source of variance D.F. Sum 01 squares Mean square 
Total 3759 2,174,437 578 
Farms 939 1,840,989 1,961 
Sections 265 1,351,022 5,098 
Townships 14 230,613 16,472 
Soil groups 3 87,936 29,312 
Years 3 40,478 13,492 
Tenures 2 24,752 12,376 
FARM MEANS BY SOIL GROUPS, YEARS AND TENURES 
Owners Tenants Mixed All tenures 
Year Soil group --------------------
No. Mean No. Mean No. Mean No. Mean 
--------
----------
I 66 36.9 78 38.5 '17 39.4 221 38.4 
II 77 42.4 90 41.7 74 46.2 241 43.3 
1934 III 60 33.2 91 38.5 81 40.6 232 37.9 
IV 62 23.7 96 39.9 88 28.0 246 31.6 
All soils 265 34.6 355 39.7 320 38.2 940 37,7 
I 66 36.2 78 43.4 77 43.0 221 41.1 
II 77 43.4 90 44.2 74 49.6 241 45.6 
1935 III 60 35.2 91 41.6 81 42.2 232 40.2 
IV 62 26.7 96 41.8 88 30.6 246 34.0 
AU Boil. 265 35.9 355 42.7 320 40.9 940 40.2 
I 66 41.6 78 48.1 77 49.2 221 46.6 
II 77 45.8 90 51.9 74 54.2 241 50.6 
1936 III 60 35.6 91 45.6 81 46.9 232 43.5 
IV 62 26.2 96 42.0 88 30.9 246 34.0 
All Boil. 265 37.8 355 46.8 320 44.7 940 43.6 
I 66 46.1 78 51.8 77 51.6 221 50.0 
II '17 49.6 90 53.6 74 54.6 241 52.6 
1937 III 60 40.4 91 47.3 81 48.3 232 45.8 
IV 62 27.6 96 46.7 88 34.0 246 37.4 
AU soils 265 41.5 355 49.7 320 46.6 940 46.4 
I 66 40.2 78 45.5 77 45.8 221 44.0 
4-year II 77 45.3 90 47.9 74 51.1 241 48.0 
Average III 60 36.1 91 43.2 81 44.5 232 41.8 
IV 62 26.1 96 42.6 88 30.9 246 34.3 
AU;,oils 265 37.4 355 44.7 320 42.6 940 42.0 
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TABLE A-3, COUNTY: DELAWARE 
ITEM: SOWS DRED FOR 
SPRING FARROW. 
ANALYSIS OF VARIANCE 
Source of variance D, F. Sum of squares Mean square 
Total 3759 201,118 54 
Farms 939 163,043 174 
Sections 265 122,244 461 
Townships 14 42,726 3,052 
Soil groups 3 8,475 2,825 
Years 3 624 208 
Tenures 2 146 73 
FARM MEANS BY BOIL GROUPS, YEARS AND TENURES 
Owners Tenants Mixed All tenures 
Year Soil group --------------------------
No. Mean No. Mean No. Mean No. Mean 
----------------------
I 66 10.9 78 10.6 77 10.6 221 10.7 
II 77 11.6 90 9.6 74 9.9 241 10.3 
1934 III 60 8.9 91 7.7 81 9.9 232 8.8 
IV 62 6.4 96 8.6 88 6.7 246 7.4 
All soils 265 9.6 355 9.1 320 9.2 940 9.3 
I 66 11.4 78 10.7 77 11.3 221 11.1 
II 77 12.5 90 10.8 74 10.8 241 11.4 
1935 III 60 9.,5 91 8.8 81 10.8 232 9.7 
IV 62 7.4 96 .9.4 88 7.3 246 8.1 
All soils 265 10.4 355 9.9 320 10.1 940 10.0 
I 66 11.1 78 10.2 77 11.4 221 10.9 
II 77 12.3 90 11.0 74 10.9 241 11.4 
1936 III 60 9.3 91 8.6 81 9.8 232 9.2 
IV 62 6.7 96 8.7 88 7.4 246 7.7 
All soils 265 10.0 355 9.6 320 9.8 940 9.8 
I 66 11.6 78 11.9 77 12.4 221 12.0 
II 77 12.6 90 10.8 74 12.2 241 11.8 
1937 III 60 9.9 91 8.7 81 10.4 232 9.6 
IV 62 7.7 96 9.4 88 7.3 246 8.2 
All soils 265 10.6 355 10.1 320 10.4 940 10.4 
I 66 11.2 78 10.8 77 11.4 221 11.2 
4-year II 77 12.2 90 10.6 74 10.9 241 11.2 
Average III 60 9.4 91 8.4 81 10.2 232 9.3 
IV 62 7.1 96 9.0 88 7.2 246 7.9 
All soils 265 10.1 355 9.7 320 9.8 940 9.9 
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TABLE A--4. COUNTY: AUDUBON 
ITEM: FARM ACRES. 
ANALYSIS OI<' VARIANCE 
Source of variance D.F. Sum of squares Mean square 
Total 2675 20,768,156 7,764 
Farms 668 19,536,275 29,246 
Sections 179 14,083,446 18,679 
Townships 9 3,168,256 352,028 
Soil groups 3 321,742 107.247 
Years 3' 998 337 
Tenures 2 519,135 259,567 
FARM MEANS BY SOIL GROUPS, YEARS AND TENURES 
Owners Tenants Mixed All tenures 
Yellr Soil group --------------------
No. Mean No. Mean No. Mean No. Mean 
- ------------------
I 36 119.1 61 169.5 49 199.8 152 161.3 
II 31 128.3 60 180.1 49 158.3 140 161.0 
1934 III 58 114.9 87 155.0 80 139.8 225 139.2 
IV 43 161.2 68 150.2 41 162.5 152 156.6 
All soil. 168 130.1 282 162.6 219 161.6 6(19 154.1 
I 36 119.4 61 179.4 49 188.7 152 168.2 
II 31 125.8 60 177.2 49 160.0 140 159.8 
1935 III 58 114.3 87 159.3 80 139.2 225 140.6' 
IV 43 161.6 68 150.8 41 162.9 152 157.1 
All soils HiS 129.6 282 165.8 219 159.4 669 154.6 
r'· 36 119.2 67 172.8 49 188.4 152 165.1 II' 31 134.2 60 181.8 49 156.0 140 162.2 
1936 III 58 114.9 87 159.3 80 136.5 225 139.7 
IV 43 163.5 68 149.8 41 142.S 152 151.8 
All soils 168 131.9 282 165.0 219 153.6 669 153.0 
I 36 119.1 61 112.3 49 197.6 152 167.9 
II 31 132.9 60 182.3 49 161.8 140 161.2 
1937 III li8 114.2 87 160.5 80 134.8 225 139.4 
IV 43 157.7 68 150.4 41 146.4 152 151.4 
All soils 168 129.8 282 165.5 219 157.1 669 153.8 
I 36 119.2 67 173.5 49 193.6 152 167.1 
4-year II 31 130.3 60 180.3 49 159.0 140 161.8 
Average III 58 114.6 87 158.5 80 137.6 225 139.7 IV 43 161.0 68 150.3 41 153.6 152 154.2 
All soils 168 130.4 282 164.7 219 157.9 669 153.9 
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TABLE A-5. COUNTY! AUDUIION 
ITEM! CORN ACRES. 
ANALYSIS OF VARIANCE 
Source of variance D.F. Sum of squares Mean Bquare 
Total 2675 2.481,191 927 
Farms 668 2,072,832 3,103 
Sections 179 1,436,375 8,024 
TownshipB 9 445,519 49,510 
Soil groups 3 59,925 19,975 
Years 3 39,875 13,292 
Tenures 2 146,762 73,381 
FARM MEANS BY SOIL GROUPS, YEARS AND TENURES 
Owners Tenants Mixed All tenures 
Year Soil group --------------------
No. Mean No. Mean No. Mean No. Mean 
------------------
I 36 32.7 67 55.2 49 50.6 152 48.4 
II 31 36.0 60 53.4 49 47.1 140 47.3 
1934 III 58 30.1 87 46.8 80 40.1 225 40.1 
IV 43 4l.6 68 43.5 41 44.6 152 43.3 
AU soils 168 34.7 282 49.4 219 44.9 669 44.2 
I 36 32.3 67 64.8 49 55.4 152 54.1 
II 31 38.6 60 60.8 49 53.9 140 53.1 
1935 III 58 3l.5 87 50.2 80 41.7 225 42.4 
IV 43 43.0 68 45.4 41 46.1 152 44.9 
AIj soils 168 35.9 282 54.8 219 48.3 669 47.9 
I 36 36.2 67 67.fi 49 59.5 152 57.5 
II 31 44.0 60 66.0 49 57.4 140 5S.1 
1936 III 58 35.7 87 58.1 SO 46.5 225 48.2 
IV 43 47.4 68 52.5 41 48.2 152 49.9 
AU soils 168 40.3 282 60.7 219 52.1 669 52.7 
I 36 36.3 67 68.9 49 67.4 152 60.1 
II 31 45.5 60 67.4 49 59.7 140 60.0 
1937 III 58 34.9 87 57.9 80 44.7 225 47.3 
IV 43 48.6 68 53.7 41 49.S 152 51.1 
AU Boil. 168 40.7 282 61.5 219 54.1 669 53.8 
T 36 34.4 67 64.1 49 5S.2 152 55.2 
4-year II 31 41.0 60 61.9 49 54.5 140 54.7 
Average III 58 33.1 R7 53.2 80 43.3 225 44.5 IV 43 45.1 68 48.8 41 47.1 152 47.3 
All Boils 168 37.9 282 56.6 21!1 4!1.!I 669 49.7 
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TABLE A~. COUNTY: AUDUBON 
ITEM: SOWS B1IED FOR 
8PBINCl FARROW. 
ANALYSlS OF VARlANCE 
Source of variance D.F. Sum of squares 
Total 2675 116.078 
Farm. 668 79.347 
Sections 179 46.359 
Townships 9 6.376 
Soil groups 3 322 
Years 3 533 
Tenures 2 333 
FARM MEANS aY 80lL GROUPS, YEA1IS AND TENURES 
Owners Tenants Mixed 
. Mean square 
43 
119 
259 
708 
107 
178 
167 
All tenure. 
Year Soil group ----------
NO'1 Mean 
-----
No. Mesn No. Mean No. Mean 
I 36 6.7 67 6.7 152 7.1 49 • 7.6 
II 31 5.5 60 5.6 49 6.6 140 5.9 
1934 III 58 6.1 87 5.7 80 6.4 225 6.0 
IV 43 5.7 68 4.0 41 6.5 152 5.2 
AlI.oils 168 6.0 282 5.6 219 6.7 669 6.1 
I 36 6.5 67 7.0 49 8.2 152 7.3 
II 31 7.6 60 6.7 49 8.1 140 7.4 
1935 III 58 7.6 87 6.9 80 7.4 225 7.3 
IV 43 8.3 68 5.2 41 7.6 152 6.8 
All soil. 168 7.6 282 6.5 219 7.8 669 7.2 
I 36 6.1 67 5.7 49 5.8 152 5.9 
II 31 5.4 60 6.1 49 6.2 140 6.0 
1936 III 58 6.7 87 6.8 80 6.3 225 6.7 
IV 43 7.4 68 4.9 41 5.5 152 5.6 
All ~oil. 168 6.6 282 5.6 219 6.0 669 6.1 
t 36 7.0 67 6.4 49 7.1 152 6.9 
II 31 6.3 60 5.9 49 6.4 140 6.1 
1937 III 58 7.5 87 7.7 80 6.5 225 7.2 
IV 43 6.8 68 5.2 41 6.9 152 6.1 
AlIsoiJ. 168 7.0 282 6.4 219 6.7 669 6.6 
I 36 6.6 67 6.5 49 7.2 152 6.8 
4-year II 31 6.2 60 6.1 49 6.9 140 6.4 
AverBge III 58 7.0 87 6.8 80 6.7 225 6.8 
IV 43 7.1 68 4.8 41 6.7 152 5.6 
All soil. 168 6.8 282 6.1 219 6.9 669 6.5 
648 
TABLE A-7. COUNTY: AUDUBON 
ITEM: CORN PRODUCTION. 
ANALYSIS OF VARIANCE 
Source of variance D.F." Sum of squares Mean square 
Total 2675 3,956,306,964 1,478,993 
Farms 668 1,534,938,793 2,297,813 
Sections 179 1,089,785,305 6,088,186 
Townships 9 460,978,412 51,219,824 
Soil groups 
, 3 144,945,206 48,315,069 Years " 3 1,470,181,366 490,060,455 
Tenures 2 86,770,009 43,385,005 
FARM MEANS BY BOIL GROUPS, YEARS AND TENURES 
Owners Tenflnts Mixed All tenures 
Year Soil group --------------------
No. Mean No. Mean No. Mean No. Mean 
---------------
---
I 36 508.8 67 849.0 49 785.6 152 748.0 
II 31 301.9 60 554.3 49 564.7 140 502.1 
1934 III 58 149.2 87 340.1 80 312.2 225 280.9 
IV 43 87.0 68 124.8 41 158.4 152 123.2 
All soils 168 238.5 282 454.7 219 445.8 669 397.5 
I 36 1441.4 67 2460.6 49 2241.8 152 2148.7 
II 31 1762.9 60 2293.7 49 2102.0 140 2109.1 
1935 III 58 1196.0 87 1818.5 80 1475.6 225 1536.1 
IV 43 1588.5 68 1573.5 41 1730.5 152 1620.1 
All soils 168 1453.6 282 2013.1 219 1834.9 669 1814.3 
I 36 260.2 67 652.5 49 496.1 152 509.2 
II 31 192.4 60 580.0 49 436.5 140 443.9 
1936 III 58 178.3 87 407.8 80 294.5 225 308.3 
IV 43 269.4 68 262.5 41 362.8 152 291.5 
All soils 168 221.8 282 467.5 219 384.1 669 378.5 
I 36 1469.6 67 2743.0 49 2656.6 152 2413.6 
II 31 1560.5 60 2470.4 49 2255.3 140 2193.6 
1937 III 58 1178.3 87 1991.6 80 1654.5 225 1662.1 
IV 43 1497.7 68 1533.9 41 1695.4 152 1567.2 
All soils 168 1393.0 282 2161.6 219 2020.8 669 1922.5 
I 36 920.0 67 1676.1 49 1545.0 152 1454.8 
4-year II 31 954.4 60 1474.6 49 1339.6 140 1312.2 
Average III 58 675.4 87 1139.5 80 934.2 225 946.9 
IV 43 860.6 68 873.7 41 986.8 152 900.5 
All soil. 168 826.7 282 1274.2 219 1171.4 669 1128.2 
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TABLE A-8. COUNTY: AUDUBON 
ITEM: HAY ACREa. 
ANALYSIS OF VARIANCE 
Source of variance D.F. Sum of squares Mean .quare 
Total 2675 406.376 152 
Farms 668 259.251 388 
Sections 179 185.007 1.034 
Townships 9 27.259 3.029 
Soil groups 3 3.212 1.071 
Years 3 1.823 608 
Tenures 2 3.478 1.739 
FAR~[ MEANS BY SOIL GROUtS, YEARS AND TENURES 
Owner. Tenant. Mixed All tenures 
Year Soil group ~I Mean ---------------No. Mean No. Mean No. Mean 
I 67 14.1 49 20.7 152 16.3 36 • 14.5 
II 31 11.6 60 11.6 49 11.2 140 11.4 
1934 III 58 13.4 87 12.4 80 11.1 225 12.2 
IV 43 15.8 68 11.0 41 11.8 152 12.6 
AlI soil. 168 13.9 282 12.3 219 13.4 669 13.1 
I 36 13.4 67 9.2 49 16.2 152 12.5 
II 31 10.6 60 9.2 49 10.4 140 9.9 
1935 III 58 :4.1 87 9.5 80 10.7 225 11.1 
IV 43 13.5 68 9.9 41 10.1 152 11.0 
All soil. 168 13.1 282 9.5 219 11.7 669 11.1 
I 36 14.1 67 13.8 49 18.4 152 15.4 
II 31 14.1 60 14.1 49 13.6 140 13.9 
1936 III 58 13.9 87 11.2 80 11.7 225 12.1 
IV 43 14.7 68 10.6 41 11.2 152 11.9 
A1l8~i1s 168 14.2 282 12.3 219 13.5 669 13.2 
I 36 12.5 67 10.4 49 18.1 152 13.4 
II 31 13.4 60 11.1 49 12.2 140 12.0 
1937 III 58 12.3 87 10.0 80 12.5 225 11.5 IY 43 15.1 68 9.9 41 13.2 152 11.9 
All soils 168 13.3 282 10.1 219 13.8 669 12.1 
I 36 13.6 67 11.9 49 18.4 152 14.8 
4-year II 31 12.4 60 11.5 49 11.8 140 11.8 
Average III 58 13.4 87 10.8 80 11.5 225 11.7 
IV 43 14.8 68 10.2 41 ll.5 152 11.8 
All soils 168 13.6 282 11.1 219 13.1 669 12.4 
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TABLE A-9. COUN'fY: AUDUBON 
ITElI:' PASTURE ACRES. 
ANALYSIS OF VARIANCE 
Source of variance D.F. Sum of squares ~Iean square 
Total 2675 4,216,317 1,576 
Farm 668 3,495,795 5,233 
Sections 179 2,802,974 15,659 
Townships 9 357,823 39,758 
Soil groups 3 30,476 10,159 
Years 3 20,838 6,946 
Tenure. Z 12,714 6,357 
FARM MEANS bY SOIL GROUPS, YEARS AND TENURES 
Owners Tenant. Mixed All t.enures 
Year Soil group -----------------,---
No. Mean No. Mean No. Mean No. Mean 
----
---------------
I 36 44.7 67 42.0 49 69.6 152 51.5 
II 31 38.6 60 51.5 49 47.0 140 47.1 
1934 III 58 39.9 87 42.9 80 47.9 225 43.9 
IV 43 59.8 68 50.2 41 56.0 152 54.5 
All soils 168 45.8 282 46.3 219 04.0 669 48.7 
I _. 36 35.3 67 42.4 49 60.2 152 46.5 
II 31 40,3 60 47.8 49 39.6 140 43.2 
1935 III 58 35.1 87 41.9 80 40.7 225 39.7 
IV 43 57.2 68 46.0 41 53.5 152 51.2 
All soils 168 41.8 282 44.3 219 47.2 669 44.6 
I 36 36.7 67 41.3 49 61.2 152 46.6 
II 31 41.5 60 51.7 .49 42.0 140 46.0 
1936 III 58 37.3 87 44.3 80 43.4 225 42.2 
IV 43 65.0 68 45.6 41 47.0 152 51.5 
All soil. 168 45.0 282 45.5 219 47.7 669 46.1 
I 36 32.4 67 36.8 49 1:6.3 152 42.1 
II 31 35.5 60 47.3 49 40.8 140 42.4 
1937 III 58 33.5 87 41.5 80 3<;.5 225 38.4 
IV 43 49.4 68 39.4 41 40.4 152 42.5 
All soil. 168 37.7 282 41.1 219 43.3 669 41.0 
I 36 39.8 67 40.6 49 61.8 152 46.7 
4-year II 31 39.0 60 49.6 49 42.3 140 44.7 
Average III 58 36.5 87 42.7 80 42.6 225 41.0 
IV 43 57.9 68 45.3 41 49.2 152 50.0 
All soils 168 42.6 282 44.3 219 48.1 669 45.1 
